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tromagnetic feed line. The multi-frequency electromagnetic
feed line includes a waveguide that has a plurality of slots
arranged laterally along a length of the waveguide that
corresponds to a first axis, in which the plurality of slots are
configured to radiate electromagnetic signaling from an
input end of the waveguide to a terminal end of the wave-
guide. The waveguide also has a plurality of vias arranged
proximate to the terminal end of the waveguide 1n a prede-
termined angle relative to a second axis orthogonal to the
first axis, 1n which the plurality of vias are configured to
terminate the plurality of slots for different frequencies of an
operating frequency band. A first slot of the plurality of slots
that 1s arranged closest to the terminal end has varying
distances to diflerent vias. Other examples disclosed herein

relate a method of fabricating a waveguide.
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MULTI-FREQUENCY ELECTROMAGNETIC
FEED LINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Application No. 62/772,172, titled “METHOD AND APPA -

RATUS FOR A MULTI-FREQUENCY ELECITROMAG-
NETIC FEED LINE,” filed on Nov. 28, 2018, and U.S.

Provisional Application No. 62/789,847, titled “METHOD

AND APPARATUS FOR A MULITT-FREQUENCY ELEC-
TROMAGNETIC FEED LINE,” filed on Jan. 8, 2019, all of

which are icorporated by reference herein.

BACKGROUND

In systems incorporating waveguides, 1t 1s desirable to
provide stability, good matching and reduced energy loss.
There are a variety of forms and designs for waveguides, as
they are basic to many different applications. These appli-
cations are designed to operate at one frequency. There 1s a
desire for a waveguide that maintains performance over a
frequency range.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present application may be more fully appreciated in
connection with the following detailed description taken 1n
conjunction with the accompanying drawings, which are not
drawn to scale, in which like reference characters refer to
like parts throughout, and 1n which:

FIG. 1 illustrates a radiating structure having multiple
waveguides, according to implementations of the subject
technology;

FIG. 2 illustrates transmission patterns for portions of a
waveguide, according to implementations of the subject
technology;

FIGS. 3 and 4 illustrate electromagnetic field patterns for
portions of a waveguide, according to implementations of
the subject technology;

FIG. 5 illustrates a multi-frequency electromagnetic
waveguide having discontinuities positioned along the
length of the wavegude, according to implementations of
the subject technology;

FI1G. 6 illustrates a schematic diagram of an antenna array
having edge-based waveguides and interior-based wave-
guides, according to implementations of the subject tech-
nology;

FIG. 7 1illustrates waveguides having respective slot
arrangements and corresponding electromagnetic field dis-
tribution patterns, according to implementations of the sub-
ject technology;

FIG. 8 1llustrates a flow diagram of a process for design-
ing a waveguide with a multi-frequency electromagnetic
feed line, according to implementations of the subject tech-
nology; and

FIG. 9 illustrates a schematic diagram of a device incor-
porating multi-frequency electromagnetic feed lines,
according to implementations of the subject technology.

DETAILED DESCRIPTION

The present disclosure provides methods and apparatuses
to enable reliable, accurate propagation of electromagnetic
waves. Such feed lines, referred to heremn as waveguides
and/or transmission lines, are commonly used 1n wireless
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2

devices to provide signal processing. In most systems, the
feed lines are configured and designed to operate at a
frequency, 1n which operation degrades as the frequency
changes. For operation of a device or design of a feed line
for multiple devices, 1t 1s desired to avoid such degradation
and provide approximately similar operation. This means
that matching and stability are not impacted by the change
in frequency. Typical feed lines have termination ends that
are approximately perpendicular to the slots or radiating
clements formed therein.

A first objective of the subject technology 1s to broaden
the gain performance bandwidth. A second objective of the
subject technology 1s to reduce fluctuation in gain over the
bandwidth of interest. In the examples provided herein, the
improvement 1s considered at 80 GHz, but the methods
presented herein may be used at other frequencies. The
subject technology improves the gain while maintaining
peak realized gain on the edge and interior elements of a
radiating array.

In some implementations of the subject technology, the
multi-frequency electromagnetic feed line 1s a waveguide
that has a plurality of slots arranged laterally along a length
of the waveguide that corresponds to a first axis, in which the
plurality of slots are configured to radiate electromagnetic
signaling from an mput end of the waveguide to a terminal
end of the waveguide. The waveguide also has a plurality of
vias arranged proximate to the terminal end of the wave-
guide 1n a predetermined angle relative to a second axis
orthogonal to the first axis, in which the plurality of vias are
configured to terminate the plurality of slots for different
frequencies of an operating frequency band. In some
aspects, a first slot of the plurality of slots that 1s arranged
closest to the terminal end has varying distances to different
vias of the plurality of vias.

The detailed description set forth below 1s intended as a
description of various configurations of the subject technol-
ogy and 1s not intended to represent the only configurations
in which the subject technology may be practiced. The
appended drawings are incorporated herein and constitute a
part of the detailed description. The detailed description
includes specific details for the purpose of providing a
thorough understanding of the subject technology. However,
the subject technology 1s not limited to the specific details
set forth herein and may be practiced using one or more
implementations. In one or more instances, structures and
components are shown in block diagram form in order to
avold obscuring the concepts of the subject technology. In
other mstances, well-known methods and structures may not
be described in detail to avoid unnecessarily obscuring the
description of the examples. Also, the examples may be used
in combination with each other.

FIG. 1 1llustrates a radiating structure 20 having multiple
waveguides 22. Each of the wavegumdes 22 includes mul-
tiple slots 10, 12, 14 formed along the length of the wave-
guide. In the i1llustrated implementation, the slots 10, 12, 14
are discontinuous openings through which a signal radiates.
The slot 14 may be represented as a terminal slot that 1s
positioned at a distance a from a terminal end 16. To reduce
reflections and thus improve matching, the spacing a 1s
determined according to the frequency, in which a=A/2.
When a signal of a diflerent frequency 1s presented to the
waveguide, the matching and performance degrades.

The structure 20 includes multiple waveguides 22 con-
figured with respective lengths along the x-axis as defined
herein. The waveguides 22 are placed adjacent one another
in the y-direction as defined herein. In some implementa-
tions, the structure 20 has an iput end 28 and a terminal end
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26, where the signal 1s provided to the radiating structure 20
from a source (not shown) to the input end 28. The terminal
end 26 corresponds to where the waveguides 22 terminate,
and may not connect further to any load 1n some 1mplemen-
tations. The behavior of signals propagating through and
radiating from the radiating structure 20 1s diflerent for
interior portions and terminal portions of the radiating
structure 20. In other implementations, the radiating struc-
ture 20 can be fed from 1ts center and terminated on both
ends.

FIG. 2 illustrates transmission patterns for portions of a
waveguide, according to implementations of the subject
technology. The waveguide 100 has multiple slots 108
arranged along the x-axis and a terminal end 106. The
waveguide 100 also has a feed slot 104 configured to receive
input signals at point 102. FIG. 2 also depicts field distri-
bution patterns for the electric field (E-field) of the wave-
guide 100 for multiple different frequency input signals,
including 76 GHz, 77 GHz, and up to 80 GHz. These
frequencies are 1illustrated as examples of millimeter wave
transmissions. As illustrated, the E-field patterns that result
from each frequency can change significantly and may not
provide a common range of high gain. In this example, the
teed slot 104 1s set at a predetermined angle relative to the
other slots 1n the feed structure; however, this configuration
of the feed slot 104 as arranged in the waveguide 100 may
not allow slots 108 to radiate in-phase for the set of
frequencies provided as inputs. In other words, this configu-
ration has a limited range for consistent operation. The
design goal 1s to provide a configuration that allows in-phase
radiation patterns at each frequency in the bandwidth range.
In some prior approaches, the number of slots 1n a wave-
guide 1s reduced to achieve some level of m-phase align-
ment.

FIGS. 3 and 4 illustrate electromagnetic field patterns
140, 150 for portions of a waveguide, according to imple-
mentations of the subject technology. In FIG. 3, the E-field
pattern 140 corresponds to a reduced number of slots 1n the
waveguide, which in this example represents 8 slots. The
E-field pattern 140 overlays multiple frequency responses on
top of each other. These slots radiate in-phase at these
frequencies and appear substantially aligned. In FIG. 4, the
E-field pattern 150 corresponds to a waveguide without
slots. The E-field pattern 150 includes a first pattern at 76
(GHz and a second pattern at 80 GHz. However, as frequen-
cies go outside of a given range, misalignment begins to
appear. To align field patterns over more Ifrequencies, the
subject technology provides for terminating the waveguide
relative to a last slot in the sequence that corresponds to the
last interval, or cycle, of the E-field 1in the waveguide such
that different distances between the termination and the last
slot are adaptable to terminate the waveguide at correspond-
ing frequencies to achieve in-phase alignment among the
slots.

FIG. 5 illustrates a multi-frequency electromagnetic
waveguide 200 having slots 210, 212 and 214 arranged
laterally along the length of the waveguide (or x-axis). The
waveguide 200 includes a substrate, where the slots 210, 212
and 214 may be patterned or etched in the substrate. In some
implementations, the slots 210, 212 and 214 are equidistant
from one another along the x-axis. For example, the slots
210, 212 and 214 may be separated by a fixed distance, D.
This 1s to ensure the periodicity of the slots. In some
implementations, the slots 210, 212 and 214 are staggered
from one another along the y-axis. The dimensions of the
slots 210, 212 and 214 may be determined based at least on
the operational frequency. In some implementations, the
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slots 210, 212 and 214 have equivalent dimensions. Having,
equivalent dimensions for the slots would be beneficial for
systems operating at one frequency. In other implementa-
tions, the slots 210, 212 and 214 have diflerent dimensions
(e.g., different lengths) such that the slots 210, 212 and 214
are tapered along the x-axis. For example, the dimensions of
the slots may increase toward the center of the waveguide
200 and decrease toward the edges of the waveguide, such
that slots arranged proximate to the edge of the waveguide
(e.g., terminal end 216) have dimensions that are smaller
than those of slots at (or proximate to) the center of the
waveguide 200. As depicted 1n FIG. 2, slot 210 has dimen-
sions L, xW,, slot 212 has dimensions L,xW,, and slot 214
has dimensions L,xW,, where slot 210 1s closest to the
center of the waveguide 200 and L, xW,>L, xW,>L xW,.

In some implementations, the terminal end 216 of the
waveguide 200 1s enhanced by provision of a termination
construct 218 to adapt to multiple frequencies. In some
implementations, the termination construct 218 1s formed
proximate to the terminal end 216 on the waveguide 200. In
the present implementation, the termination construct 218 1s
a linear length of vias at a predetermined angle (e.g., denoted
as “A”) relative to the terminal end 216 (or non-orthogonal
with the y-axis). The vias of the termination construct 218
may be patterned or etched through the substrate of the
waveguide 200. The number of vias in the termination
construct 218 may vary depending on implementation, but
may be based at least on the frequency band and any
fabrication limitations. The predetermined angle may be set
in a range ol 0 degrees to 45 degrees based at least on the
frequency band of operation. As the frequency band
increases to mclude additional frequencies of operation, the
predetermined angle for the termination construct 218
increases to provide the range of varying distances to the slot
along the x-axis for in-phase alignment across the frequency
band. In some implementations, the vias of the termination
construct 218 are coupled to a ground plane within the
waveguide 200. This allows the E-field radiation from each
of the slots at a particular frequency to terminate to ground
through the vias of the termination construct 218. In some
implementations, the vias have a diameter of about 6 mils
(or about 0.1524 mm) and the vias are separated by about 6
mils. However, the diameters of the vias and the distance
between the vias may be an arbitrary number that varies
depending on implementation.

The termination construct 218 1s formed 1n the wavegude
200 such that a first distance from one end of the slot 214 to
a lirst location on the termination construct 218 along the
x-axis corresponds to a first frequency, while a second
distance from the end of the slot 214 to a second location on
the termination construct 218 along the x-axis corresponds
to a second frequency. For example, a first distance from one
end of the slot 214 at location 222 to a first location 224 on
the termination construct 218 1s defined as X,. In another
example, a second distance from the end of the slot 214 at
the location 222 to a second location 226 on the termination
construct 218 corresponds to X, that 1s greater than X,. In
still another example, a third distance from the end of the
slot 214 at the location 222 to a third location 228 on the
termination construct 218 1s defined as X, that 1s greater than
X,. Each of the distances between the slot 214 and the
termination construct 218 correspond to different frequen-
cies within the operating frequency band of the waveguide
200. In this respect, the distance denoted as X,; corresponds
to a frequency denoted as F,, which can be defined as
Fy=c/hg and X,~Ag/2, where ¢ 1s the speed of light and A

1s the guide wavelength. As illustrated 1n FIG. 5, the distance
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X, 1s smaller than X, and X,. Given that the frequency
increases as the distance between the slot 214 and the
termination construct 218 decreases, the distance X, corre-
sponds to a first frequency (e.g., high frequency in the
frequency band) and the distance X, corresponds to a second
frequency that 1s smaller than first frequency (e.g., low
frequency 1n the frequency band). The distance X, corre-
sponds to the center frequency given that the distance, X,
1s the median between the distances, X, and X,.

FI1G. 6 illustrates a schematic diagram of an antenna array
160 having edge-based waveguides and interior-based
waveguides, according to implementations of the subject
technology. The antenna array 160 includes a feed structure
166 and a waveguide structure. The waveguide structure
includes two portions, an interior portion 164 and exterior
portions 162-1, 162-2. The exterior portions 162-1 and
162-2 include edge-based waveguides and the interior por-
tion 164 includes interior-based waveguides. As 1llustrated,
the feed structure 166 has distributed feed lines for coupling,
an nput signal to the multiple waveguides 1n the waveguide
structure. In some 1mplementations, the interior-based wave-
guides in the interior portion 164 operate with a {irst
behavior and the edge-based waveguides 1in the external
portions 162-1, 162-2 operate with a second behavior dif-
ferent from the first behavior 1n some 1mplementations, or
that 1s equivalent to the first behavior in other implementa-
tions.

FIG. 7 1illustrates waveguides having respective slot
arrangements and corresponding E-field distribution pat-
terns, according to implementations of the subject technol-
ogy. A first waveguide 190 includes multiple staggered slots
and a termination construct 186 having multiple vias that are
arranged proximate to a first slot 191 to form an eflfective
end wall 1n the waveguide 190. The termination construct
186 1s arranged perpendicular to the length of the waveguide
190 along the x-axis. The slots (including slot 191) are
tformed laterally along the x-axis within the waveguide 190.
The first waveguide 190 has a corresponding E-field distri-
bution pattern 180 that includes radiation patterns radiating,
from the slots of the first waveguide 190.

For comparison, a second waveguide 192 includes mul-
tiple staggered slots (e.g., 193, 195) and a termination
construct 188 having multiple vias that are arranged proxi-
mate to a first slot 195 to form an eflective end wall 1n the
waveguide 192. The termination construct 188 1s arranged at
a non-orthogonal angle relative to the y-axis that 1s orthogo-
nal to the length of the waveguide 192 along the x-axis,
where a first end of the termination construct 188 1s closest
to the first slot 195 while a second end (opposite to the first
end) of the termination construct 188 1s furthest to the first
slot 195. The slots (including slots 193 and 195) are formed
laterally along the x-axis within the waveguide 192. The
second waveguide 192 has a corresponding E-field distri-
bution pattern 182 that includes radiation patterns radiating,
from the slots of the second waveguide 192. In this example,
the mnput signal 1s fed 1nto an end of the waveguide (opposite
to a terminal end where the termination constructs are
located). As 1llustrated, the radiation pattern 182 has more
slots of the waveguide 192 that radiate 1n phase with one
another than those depicted in the radiation pattern 180.

FIG. 7 also includes tables listing data corresponding to

the realized gain for each of the waveguides 190, 192 over
frequencies 1n the set of 76 GHz, 77 GHz, 78 GHz, 78.5

GHz, 79 GHz, and 80 GHz. Fach of the tables indicate
original realized gain measurements for a waveguide with
the termination construct arranged along the y-axis. For
example, the original measurement of the realized gain 1n
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the waveguide 190 may correspond to radiation from its
slots with the termination construct 186 arranged along the
y-axis (or perpendicular to the length of waveguide 190);
and the original measurement of the realized gain 1n the
waveguide 192 may correspond to radiation from its the
slots with the termination construct 188 arranged along the
y-axis (or perpendicular to the length of the waveguide 192).
As noted 1n each of the tables, the original measurements for
cach of the waveguides indicate a significant decrease 1n
gain at the corner frequencies (e.g., 76 GHz, 80 GHz). The
original measurements can be compared to the realized gain
measurements with the termination constructs arranged at a
t1lt angle (or at a non-orthogonal angle relative to the x-axis).
These measurements (denoted as “tilted via walls™) show
improvement of the realized across the frequency band,
where the realized gain 1s closer aligned at the other fre-
quencies. For example, the realized gain achieved with the
tilted via wall (or termination construct 186 at the tilted
angle) 1n the waveguide 190 appears more umiform with the
exception at 76 GHz. Similarly, the realized gain in the
waveguide 192 that 1s achieved at the corner frequencies
increased to provide a more uniform gain distribution com-
pared to the original measurements. For a further compari-
son to the waveguide 192, the distance, a, between the slot
195 and the termination construct 188 (denoted as “tune wall
distance to last slot”) 1s tuned to achieve desired gain results.
The realized gain 1n the waveguide 192 1s further improved
at the corner frequencies (e.g., 76 GHz, 80 GHz) such that
the gain distribution 1s more uniform compared to the
realized gain achieved with the tilted via wall alone.

FIG. 8 1illustrates a flow chart of a process 300 for
designing a waveguide 192 with a multi-frequency electro-
magnetic feed line, according to implementations of the
subject technology. For explanatory purposes, the example
process 300 1s primarily described herein with reference to
the waveguide 192 of FIG. 7; however, the example process
300 1s not limited to the waveguide 192 of FIG. 7, and the
example process 300 can be performed by one or more other
waveguides, such as the waveguide 200 of FIG. 5. Further
for explanatory purposes, the blocks of the example process
300 are described herein as occurring 1n serial, or linearly.
However, multiple blocks of the example process 300 can
occur 1n parallel. In addition, the blocks of the example
process 300 can be performed 1n a different order than the
order shown and/or one or more of the blocks of the example
process 300 are not performed. In some 1mplementations,
the waveguide 192 has an angled termination construct 188
that 1s arranged 1n the waveguide 192 according to a tuned
distance, a, which defines the distance between an end of the
terminal slot 195 and the angled termination construct 188.

The process 300 begins at step 302, where the position of
the slots, or discontinuities, for the waveguide 192 are
determined. Next, at step 304, the operational frequency
range (e.g., t,-1,) for the waveguide 192 i1s determined.
Subsequently, at step 306, the slot dimensions are deter-
mined to achieve a desired performance from each slot. For
example, the slot length along the x-axis may vary between
the slots such that the slot lengths increase toward the center
of the waveguide and decrease toward the edges of the
waveguide. Next, at step 308, the guide wavelength values
for corresponding frequencies 1n the determined operational
frequency range are calculated. Subsequently, at step 310,
the corresponding distances between one end of the terminal
slot to different locations along a termination construct are
calculated. In some aspects, the distances are calculated
from the guide wavelength values. In some implementa-
tions, at step 312, the geometric angle, A, between the
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terminal wall (or edge) of the waveguide and the termination
construct can be measured from the determined distances
between the termination construct and the terminal slot. In
various examples, the angle of the termination construct
relative to the terminal edge of the waveguide may not
exceed 45 degrees to prevent the wave from leaking outside
of the termination construct of the waveguide.

FIG. 9 illustrates a device 400 incorporating waveguides

404, 408, where each of the waveguides 404, 408 are

multi-frequency electromagnetic feed lines having termina-
tion constructs 414, 418, respectively, at tilted angles rela-
tive to terminal edges of the waveguides, thus enabling
in-phase slot operation of the waveguides over a range of
frequencies. In some implementations, the slots (e.g., 402)
in the waveguides 404 and 408 are tapered such that the
dimensions of the slots increase toward the center of the
waveguide and decrease toward the edges of the waveguide.
In some examples, the waveguides 404 and 408 are arranged
adjacent to one another. In other examples, the waveguides
404 and 408 are coupled to one another along the length of
the waveguides. The waveguides 404 and 408 may be fed
from an mput end (opposite to the terminal end) and are
terminated at the terminal end 1n some 1mplementations, or
may be fed from a center of the waveguides (not shown) in
other implementations.

It 1s appreciated that the previous description of the
disclosed examples 1s provided to enable any person skilled
in the art to make or use the present disclosure. Various
modifications to these examples will be readily apparent to
those skilled 1n the art, and the generic principles defined
herein may be applied to other examples without departing
from the spirit or scope of the disclosure. Thus, the present
disclosure 1s not intended to be limited to the examples
shown herein but 1s to be accorded the widest scope con-
sistent with the principles and novel features disclosed
herein.

As used herein, the phrase “at least one of” preceding a
series ol items, with the terms “and” or “or” to separate any
of the items, modifies the list as a whole, rather than each
member of the list (i.e., each item). The phrase “at least one
of” does not require selection of at least one 1tem; rather, the
phrase allows a meaning that includes at least one of any one
of the items, and/or at least one of any combination of the
items, and/or at least one of each of the items. By way of
example, the phrases “at least one of A, B, and C” or “at least
one of A, B, or C” each refer to only A, only B, or only C;

any combination of A, B, and C; and/or at least one of each
of A, B, and C.

Furthermore, to the extent that the term “include,” “have,”
or the like 1s used 1n the description or the claims, such term
1s mntended to be inclusive in a manner similar to the term
“comprise’” as “‘comprise’” 1s interpreted when employed as
a transitional word 1n a claim.

A reference to an element 1n the singular 1s not intended
to mean “one and only one” unless specifically stated, but
rather “one or more.” The term “some” refers to one or more.
Underlined and/or 1talicized headings and subheadings are
used for convenience only, do not limit the subject technol-
ogy, and are not referred to 1n connection with the interpre-
tation of the description of the subject technology. All
structural and functional equivalents to the elements of the
various configurations described throughout this disclosure
that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and intended to be encompassed by the subject
technology. Moreover, nothing disclosed herein 1s intended

2 e

10

15

20

25

30

35

40

45

50

55

60

65

8

to be dedicated to the public regardless of whether such
disclosure 1s explicitly recited 1n the above description.

While this specification contains many specifics, these
should not be construed as limitations on the scope of what
may be claimed, but rather as descriptions of particular
implementations of the subject matter. Certain features that
are described 1n this specification in the context of separate
implementations can also be implemented in combination 1n
a single implementation. Conversely, various features that
are described 1n the context of a single implementation can
also be implemented 1n multiple implementations separately
or 1n any suitable sub combination. Moreover, although
features may be described above as acting 1n certain com-
binations and even mitially claimed as such, one or more
features from a claimed combination can in some cases be
excised from the combination, and the claimed combination
may be directed to a sub combination or variation of a sub
combination.

The subject matter of this specification has been described
in terms ol particular aspects, but other aspects can be
implemented and are within the scope of the following
claims. For example, while operations are depicted in the
drawings 1n a particular order, this should not be understood
as requiring that such operations be performed 1n the par-
ticular order shown or 1n sequential order, or that all illus-
trated operations be performed, to achueve desirable results.
The actions recited i1n the claims can be performed 1n a
different order and still achieve desirable results. As one
example, the processes depicted in the accompanying fig-
ures do not necessarily require the particular order shown, or
sequential order, to achieve desirable results. Moreover, the
separation ol various system components in the aspects
described above should not be understood as requiring such
separation 1n all aspects, and it should be understood that the
described program components and systems can generally
be integrated together mm a single hardware product or
packaged into multiple hardware products. Other variations
are within the scope of the following claim.

What 1s claimed 1s:

1. A waveguide, comprising:

a plurality of slots arranged laterally along a length of the
waveguide that corresponds to a first axis, the plurality
of slots configured to radiate electromagnetic signaling,
from an input end of the waveguide to a terminal end
of the waveguide; and

a plurality of vias arranged proximate to the terminal end
of the waveguide 1n a predetermined angle relative to a
second axis orthogonal to the first axis, the plurality of
vias configured to terminate the plurahty of slots for
different frequencies of an operating frequency band,
wherein a first slot of the plurality of slots that 1s
arranged closest to the terminal end has varying dis-
tances to different vias of the plurality of vias.

2. The waveguide of claim 1, wherein a first end of the
plurality of vias 1s arranged closest to the first slot while a
second end of the plurality of vias that 1s opposite to the first
end 1s arranged furthest to the first slot.

3. The waveguide of claim 1, wherein the predetermined
angle corresponds to a non-orthogonal angle 1n a range of 0
degrees to 45 degrees.

4. The waveguide of claim 1, wherein the predetermined
angle 1s icreased proportional to an increasing number of
frequencies in the operating frequency band to provide an
increased range of varying distances to the first slot along the
first axis.

5. The waveguide of claim 1, wherein the plurality of vias
are coupled to a ground plane disposed 1n the waveguide to
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allow electromagnetic radiation from each of the plurality of
slots at the different frequencies 1n the operating frequency
band to terminate to ground through the plurality of vias.

6. The waveguide of claim 1, wherein the plurality of slots
are equidistant from one another along the first axis.

7. The waveguide of claim 6, wherein the plurality of slots
are separated by a fixed distance to provide periodicity
within the plurality of slots.

8. The waveguide of claim 1, wherein the plurality of slots
are staggered from one another along the second axis.

9. The waveguide of claim 1, wherein the plurality of slots
have dimensions that are determined based at least on an
operational frequency of the waveguide.

10. The waveguide of claim 9, wherein the plurality of

slots have different dimensions along the first axis.

11. The waveguide of claim 9, wherein the plurality of
slots are tapered along the first axis.

12. The waveguide of claim 9, wherein the dimensions of
the plurality of slots increase toward a center of the wave-
guide and decrease toward opposing edges of the wave-
guide.

13. The waveguide of claim 1, wherein first slots of the
plurality of slots arranged proximate to opposing edges of
the waveguide have dimensions that are smaller than second
slots of the plurality of slots arranged at or proximate to the
center of the waveguide.

14. An electromagnetic feed line, comprising:

a plurality of slots arranged laterally along a length of the
waveguide that corresponds to a first axis, the plurality
of slots configured to radiate electromagnetic signaling
from an input end of the waveguide to a terminal end
of the waveguide; and

a termination construct arranged proximate to the terminal
end of the waveguide and configured to terminate the
plurality of slots for different frequencies of an oper-
ating frequency band, wherein a first slot of the plu-
rality of slots that 1s arranged closest to the terminal end
has varying distances to diflerent locations on the
termination construct.

15. The electromagnetic feed line of claim 14, wherein the
termination construct 1s a linear length of vias at a non-
orthogonal angle relative to a second axis orthogonal to the
first axis.

16. The electromagnetic feed line of claim 14, wherein a
first end of the termination construct 1s arranged closest to
the first slot while a second end of the termination construct
that 1s opposite to the first end 1s arranged furthest to the first
slot.
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17. The electromagnetic feed line of claim 14, wherein:

a first location on the termination construct along the first
axi1s 1s separated from one end of the first slot by a first
distance and a second location on the termination
construct 1s separated from the one end of the first slot
by a second distance along the first axis, the first
distance 1s different from the second distance, and the
first distance corresponds to a first frequency and the
second distance corresponds to a second frequency
different from the first frequency.

18. The electromagnetic feed line of claim 14, wherein
cach of the varying distances between the first slot and the
termination construct corresponds to a different frequency
within the operating frequency band.

19. A method of fabricating a waveguide, the method
comprising:

determiming a position of each of a plurality slots 1n a

waveguide, the plurality of slots being positioned lat-
crally along a length of the waveguide that corresponds
to a first axis, the plurality of slots being formed 1n a
substrate of the waveguide for radiating electromag-
netic signaling from an input end of the wavegude to
a terminal end of the waveguide;

determining an operational frequency range for the wave-

guide;

determining dimensions for each of the plurality of slots

to achieve a desired performance from each slot in the
plurality of slots;

calculating guide wavelength values for corresponding

frequencies 1n the determined operational frequency
range; and

calculating corresponding distances between one end of a

terminal slot 1n the plurality of slots to diflerent loca-
tions along a termination construct arranged proximate
to the terminal end, the termination construct arranged
in a tilted angle relative to a second axis orthogonal to
the first axis, the termination construct being formed 1n
the substrate for terminating the plurality of slots at
different Irequencies of the operational Irequency
range, wherein a first slot of the plurality of slots that
1s arranged closest to the terminal end has varying
distances to the different locations on the termination
construct.

20. The method of claim 19, further comprising measur-
ing a geometric angle between the terminal edge of the
waveguide and the termination construct from the corre-
sponding distances between the termination construct and
the terminal slot.
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